Zn(II) dependence of the Aeromonas hydrophila AE036 metallo-beta-lactamase activity and stability.
Two Zn2+ binding sites were found in the Aeromonas hydrophila AE036 metallo-beta-lactamase. The affinity of the first binding site for Zn2+ ions is so high that the dissociation constant could not be determined, but it is significantly lower than 20 nM. The mono-Zn2+ form of the enzyme exhibits a maximum activity against its carbapenem substrates. The presence of a Zn2+ ion in the second lower affinity binding site results in a loss of enzymatic activity with a Ki value of 46 microM at pH 6.5. The kinetic analysis is in agreement with a noncompetitive inhibition mechanism. The Zn content of the A. hydrophila enzyme is also strongly pH-dependent. With an external Zn2+ ion concentration of 0.4 microM, occupancy of the higher affinity site by metal ions is lower than 10% at pH 5 and 10. The affinity for the second binding site seems to increase from pH 6 to 7.5. Fluorescence emission and circular dichroism spectra revealed slight conformational changes upon titration of the apoenzyme by Zn2+ ions, resulting in the successive saturation of the first and second binding sites. Differential scanning calorimetry transitions and intrinsic fluorescence emission spectra in the presence of increasing concentrations of urea demonstrate that the catalytic zinc strongly stabilizes the conformation of the enzyme whereas the di-Zn enzyme is even more resistant to thermal and urea denaturation than the mono-Zn enzyme. The Zn2+ dependency of the activity of this metallo-beta-lactamase thus appears to be very different from that of the homologous Bacteroides fragilis enzyme for which the presence of two Zn2+ ions per molecule of protein appears to result in maximum activity.